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The Cost of Steam
- Metric

The cost of steam is usually expressed in terms of the cost to raise 1000 kg. The calculation itself is relatively straight forward and this AIS
simplifies the task by the use of a forced path calculation sheet. A blank format is available overleaf.
Example: Boiler operating pressure - 10 bar g, feedwater temperatures 80°C. Fuel used is heavy oil at £0.40/litre and boiler efficiency is 80%.

Steam pressure 10 bar g Feedwater temperature 20 °C
Mathematical operation Units
Heat input required (see table 1) 2448 kJ/kg
X 1000 kg
= Total heat input 2445000 kJ
. o kJ/kg coal or ail
: Calorific value of fuel (seetable2) l}ZSOO kd TkWh gas
_ kg coal or ol
= Netfuelneeded | 5753 _____ kWh gas
i1 125
X Boiler efficienc x1 .
y 75%x134 ..
70% x 1.43
_ kg coal or oil
= Actual fuel needed 777 ______ kWh gas
COAL OIL GAS
Mathematical S.G Mathematical
operation Heavy 9.7 operation
Mathematical Medium 9.5
- 1000 kg/tonne operation Light 9.35
= tonne * M pkWh
...................... - litre
X e, £/tonne x £ /litre
+100 = £/1000
- £/1000 - £/1000
= kg steam = | £29.65 | kgseam | | kg steam
Table 1 Table 2
Heat input in Kilojoules (kJ) required to raise one kilogram (kg) Calorific value of various fuels (approximate values)
of steam.
Boiler Feedwater temperature °C TYPE CALORIFIC VALUE (kJ/kg)
pressure
barg | 10| 20| 30|40 | 50 | 60 | 70| 80| 90| 100|110 ANTHRACITE 82,500
COAL GOOD BITUMINOUS COAL 30,000
1 2665 | 2623 | 2581 | 2539 |2497 | 2455 | 2413 | 2371 | 2329 | 2287 | 2245
GOOD AVERAGE
5 2715 | 2673|2631 2589 |2548 | 2506 | 2464 | 2421 | 2381 | 2338 | 2295 INDUSTRIAL COAL 28,000
6 2722 | 2680 | 2638 2596 |2555 | 2513 | 2471 | 2428 | 2388 | 2345 | 2302 POOR AVERAGE
INDUSTRIAL COAL 21,000
7 2727 | 2685 | 2643 | 2601 |2560 | 2518 | 2476 | 2433 | 2393 | 2350 | 2307
GRADE VISCOSITY SPECIFIC CALORIFIC
10 2740 | 2697 | 2655 | 2613 |2573 | 2531 | 2489 | 2445 | 2406 | 2363 | 2319 RED. 1 | GRAVITY |VALUE (kJ/kg)
12 2746 | 2704 | 2662 | 2620 |2578 | 2536 | 2494 | 2452 | 2410 | 2368 | 2326 cst SECS
15 2752 | 2710 | 2668 | 2626 |2584 | 2542 | 2500 | 2458 | 2416 | 2374 | 2332 oL GAS OlL 4 35 0.835 45,600
LIGHT 50 210 0.935 43,500
17 2755 | 2713 | 2671 | 2629 |2587 | 2545 | 2503 | 2461 | 2419 | 2377 | 2335
MEDIUM 230 950 0.95 43,000
20 2759 | 2717 | 2675 | 2633 2591 | 2549 | 2507 | 2465 | 2423 | 2381 | 2339 HEAVY 900 3500 0.97 42,500
25 2762 | 2720 | 2678 | 2636 |2594 | 2552 | 2510 | 2468 | 2426 | 2384 | 2342 GAS 3,600 kJ/ kWh
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Steam pressure bar g Feedwater temperature °C
Mathematical operation Units
Heat input required (see table 1) kd/kg
X 1000 kg
= Total heat input kJ
N o kJ/kg coal or oil
: Calorific value of fuel (see table2) kJ7TkWh gas
_ kg coal or oil
= Netfuel needed kWh gas
85% x 1.18
X Boiler efficiency 80% x 1.25
5% x1.34
70% x 1.43
_ kg coal or oil
B Actualfelneeded kWh gas
COAL OIL GAS
Mathematical S.G Mathematical
operation Heavy 9.7 operation
Mathematical Medium 9.5
- 1000 kg/tonne operation Light 9.35
= e tonne M S, x pkWh
D Iitre -------------
X e £/tonne x| £/litre
+100 = £/1000
- £/1000 _ £/1000
R kg steam R kgsteam | | kg steam
Table 1 Table 2
Heat input in Kilojoules (kJ) required to raise one kilogram (kg) Calorific value of various fuels (approximate values)
of steam.
Boiler Feedwater temperature °C TYPE CALORIFIC VALUE (kJ/kg)
pressure
barg | 10| 20| 30|40 |50 | 60| 70| 80| 90/ 100]110 ANTHRACITE 32,500
COAL GOOD BITUMINOUS COAL 30,000
1 2665 | 2623 | 2581 | 2539 |2497 | 2455 | 2413|2371 | 2329 | 2287 {2245
GOOD AVERAGE
5 2715 [ 2673 | 2631 |2589 (2548 | 2506 | 2464 | 2421 | 2381 | 2338 {2295 INDUSTRIAL COAL 28,000
6 2722 | 2680 | 2638 | 2596 |2555 | 2513 | 2471 | 2428|2388 | 2345 | 2302 POOR AVERAGE
INDUSTRIAL COAL 21,000
7 2727 | 2685 | 2643 2601 |2560 | 2518 | 2476 | 2433 | 2393 | 2350 | 2307
GRADE VISCOSITY SPECIFIC | CALORIFIC
10 2740 | 2697 | 2655 | 2613 |2573 | 2531 | 2489 | 2445 | 2406 | 2363 {2319 RED. 1 | GRAVITY |VALUE (kJ/kg)
12 2746 | 2704 | 2662 |2620 |2578 | 2536 | 2494 | 2452 | 2410 | 2368 | 2326 cst SECS
oiL | GASOIL 4 35 0.835 45,600
15 2752 | 2710 | 2668 | 2626 |2584 | 2542 | 2500 | 2458 | 2416 | 2374 | 2332
LIGHT 50 210 0.935 43,500
17 2755 | 2713 | 2671 | 2629 |2587 | 2545 | 2503 | 2461|2419 | 2377 | 2335 VEDIUM 230 950 0.95 43,000
20 2759 | 2717 | 2675 [2633 2591 | 2549 | 2507 | 2465 | 2423 | 2381 [2339 HEAVY 900 3500 0.97 42,500
25 2762 | 2720 | 2678 | 2636 |2594 | 2552 | 2510 | 2468 | 2426 | 2384 | 2342 GAS 3,600 kJ / kWh
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The Cost of Steam
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The cost of steam is usually expressed in terms of the cost to raise 1000Ibs. The calculation itself is relatively straight forward and this AIS
simplifies the task by the use of a forced path calculation sheet. A blank format is available overleaf.
Example: Boiler operating pressure - 150 psi g, feedwater temperatures 180°F. Fuel used is heavy oil at £1.80/gallon and boiler efficiency is 80%.

Steam pressure 150 psig Feedwater temperature 180 °F
Mathematical operation Units
Heat input required (see table 1) 1044 Btu/lb
X 1000 Ib
= Total Heat Input 1044000 Btu
+ Calorific value of fuel (see table 2) 18200 %:Ju//lprﬁgfr:cha%”
= Net fuel needed S7.3 Ip”?g?r:]ogracgl
85% x 1.18
X Boiler efficiency 80% x 1.25 1.28
5% x1.34
70% x 1.43
= Actual fuel needed 1.9 Ipl-ﬁger(gacgl
COAL OIL GAS
Mathematical S.G Mathematical
operation Heavy 9.7 operation
Mathematical Medium 9.5
- 2240 Ib/ton operation Light 9.35
= ton e 67 ........ X £ /therm
""""""""""" = 38 gallon
X £/ton x | £1.90..... £/gallon ¢ 1000
- £/1000 _ £/1000 =
= e Ib steam = | £13.28 bsteam | e b steam
Table 1 Table 2

Heat input in British Thermal Units (Btu) required to raise

one pound (Ib) of steam.

Calorific value of various fuels (approximate values)

Boiler Feedwater temperature °F TYPE CALORIFIC VALUE (Btu/Ib)
pressure ANTHRACITE 14
psig 50 | 70| 80 | 100 | 120 140 | 160| 180| 200| 212|250 c 000
D BITUMIN AL 1
15 1146 (1126 | 1116 |1096 [1076 | 1056 | 1036|1016 996 | 984 | 946 COAL | GOO UMINOUS CO 3,000
GOOD AVERAGE
80 1169 |1149 | 1139 | 1119 [1099 | 1079 | 1059|1039 | 1019 | 1007 | 969 INDUSTRIAL COAL 12,000
90 171 |1151 | 1141 {1121 [1101 | 1081 | 1061| 1041|1021 | 1009 | 971 POOR AVERAGE
INDUSTRIAL COAL 9,000
100 172 |1152 | 1142 {1122 [1102 | 1082 | 1062| 1042|1022 | 1010 | 972
GRADE VISCOSITY SPECIFIC | CALORIFIC
150 1179 |1159 | 1149 1129 [1109 | 1089 | 1069 1049|1029 | 1017 | 979 RED. 1 | GRAVITY | VALUE (Btu/kg)
170 1180 (1160 | 1150 | 1130 [1110 | 1090 | 1070 | 1050|1030 | 1018 | 980 cSt SECS
200 1182 |1162 | 1152 {1132 [1112 | 1092 | 1072| 1052|1032 | 1020 | 982 olL GAS OIL 4 35 0.835 19,600
250 1185 |1165 | 1155 1135 [1115 | 1095 | 1075] 1055|1035 | 1023 | 985 LIGHT S0 210 0.935 18,700
MEDIUM | 230 950 0.95 18,500
300 1186 |1166 | 1156 | 1136 [1116 | 1096 | 1076|1056 | 1036 | 1024 | 986
HEAVY 900 3500 0.97 18,300
350 1187 |1167 | 1157 [ 1137 [1117 | 1097 | 1077|1057 | 1037 | 1025 | 987 GAS 100,000 Btu/Therm
First for Steam Solutions
EXPERT\SE'SOLUTIONS SUSTAINABILITY
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Steam pressure psig Feedwater temperature °F
Mathematical operation Units
Heat input required (see table 1) Btu/Ib
X 1000 Ib
= Total Heat Input Btu
. . Btu/Ib coal or oil
+ Calorific value of fuel (ses table2) Btu/Therm gas
_ Ib coal or ol
B Netfuelneeded . Therm gas
85% x 1.18
X Boiler efficiency 80% x 1.25
75% x1.34
70% x 1.43
_ Ib coal or oil
- Actualfuelneeded Therm gas
COAL OIL GAS
Mathematical S.G Mathematical
operation Heavy 9.7 operation
Mathematical Medium 9.5
- 2240 Ib/ton operation Light 9.35
- ton S [T X | £/therm
...................... — gallon
X, £/ton X £/gallon
= £/1000
= £/1000 - £/1000 T Ib steam
..................... Ib steam B Ib steam
Table 1 Table 2
Heat input in British Thermal Units (Btu) required to raise Calorific value of various fuels (approximate values)
one pound (Ib) of steam.
Boiler Feedwater temperature °F TYPE CALORIFIC VALUE (Btu/Ib)
pressure
psig | 50| 70| 80 | 100|120 140 | 160| 180| 200| 212|250 ANTHRACITE 14,000
15 1146 (1126 | 1116 | 1096 [1076 | 1056 | 1036|1016 | 996 | 984 | 946 COAL | GOOD BITUMINOUS COAL 13,000
GOOD AVERAGE
80 1169 (1149 | 1139 | 1119 {1099 [ 1079 | 1059|1039 [ 1019 | 1007 | 969 INDUSTRIAL COAL 12,000
90 171 (1151 | 1141 | 1121 [1101 [ 1081 | 1061|1041 | 1021 | 1009 | 971 POOR AVERAGE
INDUSTRIAL COAL 9,000
100 1172 1152 | 1142 | 1122 {1102 [ 1082 | 1062 | 1042 | 1022 | 1010 | 972
GRADE VISCOSITY SPECIFIC CALORIFIC
150 1179 (1159 | 1149 | 1129 [1109 [ 1089 | 1069 | 1049 [ 1029 | 1017 | 979 RED. 1 | GRAVITY | VALUE (Btu/kg)
170 1180 1160 | 1150 | 1130 [1110 | 1090 | 1070 | 1050 | 1030 | 1018 | 980 cSt SECS
200 1182 |1162 | 1152 | 1132 | 1112 | 1092 | 1072|1052 | 1032 | 1020 | 982 oL | GASOIL 4 35 0.835 19,600
250 1185 1165 | 1155 [ 1135 [1115 [ 1095 | 1075 | 1055 | 1035 | 1023 | 985 LIGHT %0 210 0.935 18,700
MEDIUM 230 950 0.95 18,500
300 1186 1166 | 1156 [ 1136 |1116 | 1096 | 1076 | 1056 | 1036 | 1024 | 986
HEAVY 900 3500 0.97 18,300
350 1187 1167 | 1157 1137 [1117 1097 | 1077 | 1057 | 1037 | 1025 | 987 GAS 100,000 Btu/Therm

Al-GAB-04 AB Issue 3

The Cost of Steam - Imperial
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Saturated Steam
Sizing Chart

Let: m = Mass flow in kg/h

P, = Upstream pressure in bar a

1

P, = Downstream pressure in bar a

K, =Valve flow coefficient.

x = Pressure drop ratio =

Note: To convert gauge pressure to absolute pressure, add 1, i.e. 10 bar g = 11 bar a.

The chart overleaf shows that with a given upstream pressure P, and with a pressure drop across the valve more than is needed to
give critical flow conditions, or x > 0.42, the steam flowrate is directly proportional to the K, of the valve. Conversely, with a given K,
the flowrate is directly proportional to the upstream pressure P,.

So for critical flow, we have:-

m = CxK, P, andin the units shown, C = 12 (Constant).

Thus: m 12K, P,

With a smaller pressure drop, the flow is reduced until it becomes zero, at zero pressure drop. Many formulas are in current use to
predict the relationship between flowrate and the pressure drop ratio y under these conditions. One empirical formula which gives
results very close indeed to the British Standard method, but simplifies the calculation, is:-

h = 12K, P,V1-5.67 (0.42- )*

If this formula is used when P, is below the value which gives critical flow, then the term within the bracket (0.42 - ) becomes less than
zero. It is then taken as zero, and the function within the square root sign becomes 1.

Example 1: How to find K value for a critical flow application. page 2
How to use the chart Example 2: How to find the K value for a non-critical flow application. page 3
Example 3: How to find the pressure drop across a valve with a known K. page 4
Saturated steam sizing chart page 5
First for Steam Solutions Page 1 of 5

EXPERTISE'SOLUTIONS SUSTAINABILITY
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Example 1: How to find K, value for a critical flow application.
Steam demand of heat exchanger =800 kg’h
Steam pressure upstream of valve =8barg=9bara

Steam pressure required in exchanger = 3 bar g = 4 bar a

Using the selection chart:

Draw a horizontal line from 800 kg/h

Draw a horizontal line from 9 bar a to the critical pressure drop line, which is reached before a pressure drop line for (9 - 4 = 5 bar) and
drop a vertical line from the intersection to meet the 800 kg/h horizontal.

Read the K, at this crossing point, i.e. K, = 7.5

Refer to the K| values given on the appropriate Technical
Information Sheet for each valve type.
SA (self-acting), EL (electric/electronic) and PN (pneumatic)
valves may be selected using their maximum Kv values.
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Example 2: How to find the K, value for a non-critical flow application.
Steam demand of heat exchanger =230 kg/h.
Steam pressure upstream of valve =5barg=6bara

Steam pressure required in exchanger =4 bar g = 5 bar a

Using the selection chart:
Draw horizontal lines from 230 kg/h, and from 6 bar a to pressure drop of (6 - 5 = 1 bar).
Drop a vertical line from the intersection to meet the 230 kg/h horizontal.

Read the K, at this crossing point, i.e. K, = 4.
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Example 3: How to find the pressure drop across a valve with a known K.
Steam demand of heat exchanger =3 000 kg/h
Steam pressure upstream of valve =10 barg =11 bar a

K, of valve to be used =40

Using the selection chart:
Draw horizontal lines from 11 bar a, and from 3 000 kg/h to meet K = 40 line.
Draw a vertical line upwards from the intersection to meet the 11 bar a horizontal.

Read the pressure drop at this crossing point, i.e. AP = 1 bar (approximately).
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Saturated steam sizing chart
This sizing chart is empirical and should not be used for critical applications
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Note:
V=K, P,
V = Water flow (m3/h)
P, = Pressure drop across the valve (bar)
K, = Flow coefficient (m3/h bar).
This chart assumes no cavitation after the control valve.
How to use the chart
Note: the chart below is used for the following example only. A complete chart is shown overleaf.
Example:
The heat exchanger has a MTHW demand of =10 m%h
The full-load pressure drop P, = 50 kPa (Established from 'Valve authority' (see page 2)
Go to the selection chart below:
- Draw a horizontal line from 10 m?%h
- Run a vertical line from 50 kPa until it crosses 10 m?/h line.
= K, is given at this crossing pointi.e. K = 14
Refer to the K| values given on the appropriate Technical Information Sheet for each valve type.
SA (self-acting), EL (electronic) and PN (pneumatic) controls should be sized on maximum K, value.
o — vy
30 P — AT
d A > A
afl ////////
20 ‘“ 7 / rl 4
P L0 _~ L~ 4
11 _ 80 / ~
PP L~
Example 1] o~
£ 10 - 3
c > /'L ,
3 1 v P
,g 5 7 A 1 ‘\0//
R = -~ 21
g Q ~ // al
o - // ‘J, / m /,
2 o /f/ LIP g
%) 1
e //’7/’ S 1]
A 21
1 pasiadiP e i
~ - >
A =~ A
/ - A |
1 2 3 45 10 20 304050 100
Pressure drop kPa
First for Steam Solutions Page 1 of 3
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Valve authority
The ratio of pressure drop across the valve when fully open to that across the complete circuit is termed the 'Valve authority' (N) and
is expressed as:

N -
P, +P,
Where: N = Valve authority
P, = Pressure drop across the fully open valve
P, = Pressure drop across the remainder of the circuit

The diagrams below illustrate P, and P, more fully.

Valve authority is a means of selecting a valve size on a water system with due regard to economic viability and good control. When
selecting a valve size, the valve authority should be between 0.2 and 0.5 (and preferably 0.5). This will ensure that each small valve
movement will influence some authority over the flow whilst not excessively increasing pumping power costs.

Valve authority will always relate to the circuit which has a varying flowrate.

Valve authority - Two-port valve

:I P1|<—

PZ
~ <
~1
Valve authority - Three-port mixing valve
,l l<
P, [«
PZ
g j: l< R
[
Valve authority - Three-port diverting valve
Page 2 of 3 spir: TI-GCM-09
PSarco CM lIssue 2
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Flow of Water
in Heavy Steel Pipes

Flowrate kg/h
Pipe size @ 15mm | 20mm | 25mm | 32 mm | 40 mm | 50mm | 65mm | 80 mm | 100 mm
Pa/m | mbar/m | <0.15m/s 0.15m/s 03 m/s
10.0 0.100 50 119 223 490 756 1447 2 966 4 644 9432
12.5 0.125 58 133 252 554 853 1634 3348 5220 10656
15.0 0.150 65 151 277 616 943 1807 3708 5760 11736
17.5 0.175 68 162 302 670 1026 1966 4032 6264 12744
20.0 0.200 76 176 328 720 1105 2113 4320 6732 13680
22.5 0.225 79 187 349 770 1177 2254 4608 7164 14 580
25.0 0.250 83 198 371 814 1249 2387 4 860 7596 15408 0.5m/s
27.5 0.275 90 209 389 857 1314 2513 5112 7992 16 200
30.0 0.300 94 220 410 900 1379 2632 5 364 8352 16 956
32,5 0.325 97 230 428 940 1440 2747 5616 8712 17712
35.0 0.350 101 241 446 979 1498 2858 5832 9072 18432
37.5 0.375 104 248 464 1015 1555 2 966 6048 9396 19116
40.0 0.400 112 259 479 1051 1609 3071 6 264 9720 19764
42.5 0.425 115 266 497 1087 1663 3175 6480 10044 20412
45.0 0.450 119 277 511 1123 1717 3272 6660 10368 21024
47.5 0.475 122 284 526 1156 1768 3370 6876 10656 21636
50.0 0.500 126 292 540 1188 1814 3463 705 10944 22212
52.5 0.525 130 299 558 1220 1865 3553 7236 11232 22788
55.0 0.550 130 306 572 1249 1912 3636 7416 11520 23 364
57.5 0.575 133 317 583 1282 1958 3744 7596 11808 23904
60.0 0.600 137 324 598 1310 2002 3816 7776 12060 24 444
62.5 0.625 140 331 612 1339 2048 3888 7920 12312 24984
65.0 0.650 144 338 626 1368 2092 3996 8100 12600 25488
67.5 0.675 148 346 637 1397 2131 4068 8280 12852 25992
70.0 0.700 151 353 652 1422 2174 4140 8424 13068 26496
72.5 0.725 151 356 662 1451 2218 4212 8568 13320 27000
75.0 0.750 155 364 677 1476 2 257 4284 8748 13572 27468
77.5 0.775 158 371 688 1505 2297 4 356 8892 13788 27972
80.0 0.800 162 378 698 1530 2 336 4 464 9036 14040 28440
82.5 0.825 166 385 709 1555 2372 4 536 9180 14256 28872
85.0 0.850 166 389 724 1580 2412 4608 9324 14472 29340
87.5 0.875 169 396 734 1606 2448 4680 9468 14724 29772 1.0m/s
90.0 0.900 173 403 745 1627 2488 4716 9612 14940 30240
92.5 0.925 176 407 756 1652 2524 4788 9756 15156 30672
95.0 0.950 176 414 767 1678 2 560 4 860 9900 15372 31104
97.5 0.975 180 421 778 1699 2 596 4932 10044 15552 313500
100.0 1.000 184 425 788 1724 2632 5004 10152 15768 31932
120.0 1.200 202 472 871 1897 2898 5508 1196 17352 35100
140.0 1.400 220 511 943 2059 3143 5976 12132 18792 38160
160.0 1.600 234 547 1015 2210 3373 6408 12996 20160 40680
180.0 1.800 252 583 1080 2354 3589 6804 13824 21420 43200
200.0 2.000 266 619 1141 2488 3780 7200 14580 22644 45720 1.5m/s
220.0 2.200 281 652 1202 2617 3 996 7560 15336 23760 47880
240.0 2.400 288 680 1256 2740 4176 7920 16056 24876 50400
260.0 2.600 306 713 1310 2 855 4 356 8244 16740 25920 52200
280.0 2.800 317 742 1364 2970 4536 8568 17388 26928 54 360
300.0 3.000 331 767 1415 3078 4680 8892 18000 27900 56160
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7 General information
Useful calculation data

Flowrate kg/h
Pipe size @ 15 mm | 20 mm | 25 mm | 32 mm | 40 mm | 50 mm | 65 mm | 80 mm | 100 mm
Pa/m | mbar/m | 0.5m/s 1.0m/s 1.5m/s 20m/s
320 3.2 342 796 1465 3182 4860 9180 18612 28836 58320
340 34 858 821 1512 3287 5004 9504 19224 29772 60120
360 3.6 364 846 1559 3388 5148 9756 19800 30636 61920
380 3.8 374 871 1602 3492 5292 10044 20340 31500 63720
400 4.0 385 893 1645 3578 5436 10332 20880 32364 65160
420 4.2 396 918 1688 3672 5580 10584 21420 33192 66960
440 44 407 940 1732 3744 5724 10836 21924 33984 68400
460 4.6 414 961 1771 3852 5868 11088 22464 34776 70200
480 4.8 425 983 1811 3924 5976 11340 22932 35532 71640
500 5.0 432 1004 1850 4032 6084 11592 23436 36360 73080
520 5.2 443 1026 1886 4104 6228 11808 23904 37080 74520
540 5.4 450 1048 1926 4176 6372 12060 24372 37800 75960
560 5.6 461 1066 1962 4212 6480 12276 24840 38520 77400
580 5.8 468 1087 1998 4356 6588 12492 25272 39240 78840
600 6.0 479 1105 2034 4428 6732 12708 25740 39960 80280
620 6.2 486 1123 2070 4500 6840 12924 26172 40680 81720
640 6.4 493 1145 2102 4572 6948 13140 26604 41040 83160
660 6.6 500 1163 2138 4644 7056 13356 27000 41760 84240
680 6.8 511 1181 2171 4716 7164 13572 27432 42480 85680
700 7.0 518 1199 2203 4788 7272 13788 27828 43200 86760
720 7.2 526 1217 2236 4860 7380 13968 28260 43920 88200
740 7.4 588 1235 2268 4932 7488 14184 28656 44280 89280 3.0m/s
760 7.6 540 1249 2300 5004 7560 14364 29052 44640 90360
780 7.8 547 1267 2333 5076 7704 14544 29412 45360 91800
800 8.0 554 1285 2362 5112 7812 14760 29808 46080 92880
820 8.2 562 1303 2394 5184 7884 14940 30204 46440 94320
840 8.4 569 1318 2423 5256 7992 15120 30564 47160 95400
860 8.6 576 1336 2452 5328 8100 15300 30924 47880 96480
880 8.8 583 1350 2480 5400 8172 15480 31284 48600 97560
900 9.0 590 1364 2513 5436 8280 15660 31680 48960 98640
920 9.2 598 1382 2542 5508 8388 15840 32004 49680 99720
940 9.4 605 1397 2567 5580 8460 16020 32364 50040 100800
960 9.6 612 1411 2596 5616 8568 16200 32724 50760 101880
980 9.8 619 1429 2624 5688 8640 16380 33084 51120 102960
1000 10.0 623 1444 2653 5760 8748 16524 33408 51840 104040
1100 11.0 655 1516 2786 6048 9180 17352 35064 54360 109440
1200 12.0 688 1588 2912 6300 9612 18144 36720 56880 114120
1300 13.0 716 1652 3038 6588 10008 18900 38160 59040 118960
1400 14.0 745 1717 3154 6840 10404 19656 39600 61200 123534
1500 15.0 770 1782 3269 7128 10764 20340 41040 63360 127950
1600 16.0 799 1840 3380 7308 11124 21024 42480 65520 132224
1700 17.0 824 1901 3485 7560 11484 21672 43920 67680 136369
1800 18.0 850 1955 3589 7776 11808 22375 45000 69748 140395
1900 19.0 871 2012 3708 7992 12132 23005 46440 71698 144313
2000 20.0 896 2066 3780 8208 12456 23620 47520 73598 148132
sp"-a)(sarco TI-GCM-10
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Condensate
Pipe Sizing

1. Drain lines to traps. Types 2 and 3 will usually contain flash steam
. . f whilst types 1 and 4 will not.

Condensate pipe sizing 2. Discharge lines from traps.
Condensate pipes operate in 4 basic ways: The condensate pipe sizing chart can be used
to size all of the above types, and is suitable

4. Pumped lines. for lines up to 100 m long.

3. Common discharge lines.

Condensate pipe size mm
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Example 1 - Drain lines to traps:
Scenario: Drain 500 kg/h from process to trap.
How to size: Enter the top chart at 500 kg/h and draw a line horizontally across to the pipe size.
Result: If the selection sits between two sizes, choose the smaller size (15 mm).
First for Steam Solutions Page 1 of 3
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Condensate pipe size mm
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Example 2 - Discharge lines from traps:

Scenario: Discharge 200 kg/h from 15 bar g to 0.5 bar g.

How to size: Enter the bottom of the chart at 15 bar g and draw a line to the 0.5 bar condensate pressure line. Draw a line vertically
upwards to meet the 200 kg/h line on the upper half of the chart.

Result: If the line is rising choose the larger size (32 mm), if the line falls choose the lower size (25 mm).

Example 3 - Pumped lines:

Scenario: Pump 2000 kg/h from the pump to the hotwell tank. If it is an electrical pump use the pump discharge rate, not the collection
rate. For pressure powered pumps and APTs use 4 x the collection rate. For this example we will use an APT which has the following
discharge rate =4 x 2000 kg/h = 8000 kg/h.

How to size: Enter the upper half of the chart at 8000 kg/h and draw a line horizontally to the pipe size.

Result: If the line is less than 100 m use the lower size, if it is longer than 100 m, use the larger size.

Example 4 - Discharge lines from thermostatic traps:

Scenario: Condensate at 120 °C is discharging to atmosphere (300 kg/h at 120 °C).

How to size: Using the temperature scale, enter the lowest half of the chart at 120 °C and draw a line horizontally to the atmospheric
condensate pressure line (0 bar g). Proceed by drawing a line vertically upwards to meet the 300 kg/h line on the upper half of the chart.
Result: If the line is falling, choose the lower size; if the line is rising, choose the larger size.

Page 2 of 3 i TI-GCM-11
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Condensate pipe size mm
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Equation Use to calculate Formula
1 Steam load from kW heat rating m = % kg/h
fg
2 An air heater kW rating from the air flow and temperature rise Q=13 Va AT kw
3 An air heater steam load from the air flow and temperature rise and the . 4680 Va AT ke/h
steam pressure in the heater m= hi &
4 The amount of heat needed to change the temperature of a substance Q=mGC AT kJ
5 The mean heating load to change the temperature of a weight of Om = m Cp AT W
substance over a stipulated time m H 3600
. S . m Cp AT
6 The heating load for a flow-type application like a heat exchanger Q= 3600 kw
- The mean steam load to heat steam pipework over a stipulated time h = WG (Ts-T) 60 ke/h
(warm-up load) hi, heat-up minutes 8
. : ‘ . _ QrL36f
8 The steam load for radiation losses from steam pipework (running load) ms= —p— kg/h
fg
9 The heating capacity of a heat exchanger or coil at start-up Q= % kw
. . . . >, _ U A ATm
10 The heating capacity of a heat exchanger or steam coil when operating Qm = 000 kw
m
The steam valve Ky, given upstream pressure, mass flowrate ... Kv = 3
n and a pressure drop less than CPD 12 P \/1 -5.67 (0.42-x?  m/h.bar
12 The pressure drop ratio x’ X = Py P-1P2 = %‘:
The steam valve Ky, given the upstream pressure mass flowrate ... _ m R
13 and a pressure drop greater than CPD K 12 Py m?/h. bar
The steam mass flowrate given upstream pressure Ky ... . 2
L and a pressure drop less than CPD m =12 Py K yT-567(0.42-X) kg/h
The steam mass flowrate given upstream pressure, Ky ... h=12 P. K
15 and a pressure drop greater than CPD m T kg/h
16 A water control valve Ky given volume flowrate and pressure drop Ky = Vw ﬂﬁ m3/h . bar
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Terms Units Definitions
A m? Area of heating surface
o kJ/kg°C Specific heat capacity of substance
T °C Initial (or inlet) temperature of substance
T2 °C Final (or outlet) temperature of substance
Ta °C Ambient temperature
Tm °C Mean temperature of heated substance @
Ts °C Steam temperature
AT °C Temperature rise of heated substance T, -T,
ATs °C Temperature difference between steam and substance at start-up T _-T,

Mean temperature difference between steam and substance at any heat load

AMTD = Arithmetic Mean Temperature Difference ~ AMTD = Tg- T

AT °C
LMTD = Logrithmic Mean Temperature Difference  LMTD = Ln(-{(s'l'; -_rll)_;) jT(ST; -_rggz)]
f dimensionless Insulation factor
H hours Time in hours
h¢g ki/kg Enthalpy of evaporation
Kvr m?3/h bar The required capacity index
Kvs m?3/h bar The valve capacity index (full open valve)
kw k)/s Rate of heat transfer
L m Length of pipe run
m kg Mass
m kg/h Mass flowrate
Pq bar a Upstream pressure
Py bar a Downstream pressure
Q k Amount of heat added to raise temperature
) kw Rate of heat transfer
Om kw Mean rate of heat transfer
Qr (watts pervr\w/1/eTre of pipe) Radiation loss from pipework
u W/m2°C Overall heat transfer coefficient
Va m3/s Volumetric flowrate of air
Vw m3/h Volumetric flowrate of water
W kg Weight of pipe being heated

TI-GCM-13 CM Issue 3 Heating formulas






